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Arc is the revision of programR-codethat is describedin R. D. Cook and
S. Weisbeg (1994) An Introductionto RegressionGraphics publishedby John
Wiley & SonscalledIRG in thefollowing. Arcincludesanumberof evolutionary
changesn the R-codethatwe think aremoreintuitive thanthe original, andwill
malke the programeasiey and more enjoyable,to use. As a result,someof the
descriptionsof R-codein IRG areincorrect. This documents designedo help
you make thetransitionfrom R-codeto Arc.

A morecompletedescriptionof Arc is containedn thebookR. D. Cookand
S.Weisbeg (1999),AppliedRaressionncluding Computingand Graphics pub-
lishedby JohnWiley & Sons.Additional informationis alsoavailableatthe Web
addressvww.stat.umn.edu/arc.

Arc is copyrightedsoftware,but it maybedistributedandusedfree of chage.
Pleaseseethe documentatiorthat accompanieshe programfor completeinfor-
mationon the copyright.

1 Getting the Program

Arc is distributedon the internetonly. The currentweb addresss given above.
Completeinstructionsfor down-loadingare given on the website,or on the in-
stallerfilesthemseles.



2 TheArcDirectory

Thefilesin Arc arealittle differentthanin theoriginal R-codefiles. First, thereis
anew versionof Xlisp-Stat version3.520r later. Thereis nolongerafoldercalled
R-code thatcontainssourcecode.Arcis includedin aworkspacexlisp.wks
The sampledatafiles have beenmovedto afolder calledData (the datafiles for
IRG areavailablefrom the websiteandrequirea separatelovn-load). Thereare
afew additionalfiles aswell. Also includedis a directorycalledExtras . This
directoryis initially empty but ary file you putin this directorywhosenameends
in .Isp  will beloadedautomaticallywhenerer the programis started. For ex-
ample,from time to time, updatego Arc are postedon the website;you should
down-loadtheupdates.Isp  file andputit in your Extras directory follow-
ing thedirectionson theweh

3 Starting Arc

With the Mac OS, Arc is startedby double-clickingon theicon for either Xlisp-
Stator for thefile xlisp.wks . With Windows 95 or newer, startArc usingthe
Startbutton, by first selectingProgramsthen Arc, andthenArc again. For the
Unix/Linux version,Arc will generallybe startedby simply typing arc in atext
window.

4 Differencesbetween R-code and Arc

The versionof R-codedescribedn IRG took a modelasits basicobject. Data
wouldbereadfrom afile, andimmediatelyaregressiorbasednthosedatawould
be computed.Menuswerethencreatedthat correspondedtb the modelthatwas
fit.

In Arc, the basicobjectis a dataset Whena datafile is read,the dataset
is created. From the datasetone can modify the data, createmodelsand drav
graphs. This approachis much more general,and we think correspondgo the
way peoplereally think aboutdata.

41 TheArcMenu

Whenyou startArc on ary systembeforeyou load ary datafiles, you will geta
menucalledArc. This menuhasthefollowing items:
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Load Selectthisitemto load: (1) a previously preparedArc datafile, suchasall
thefilesincludedwith Arc distribution, or ary file createdusingArc; (2) ary
file of Xlisp-Statcode;or (3) a“plain” datafile.

Dribble... Saveoutputto afile; seelRG, p. 12—-13.

Calculate probability... Calculateprobabilitiesfor Normal, t, Chi-squaredpr
F distributions.Input valuesof therelevantstatisticanddegreesof freedom
andtheupper lower, or two tailed probabilityis returned.A helpbuttonon
thedialogprovidesfurtherdocumentation.

Calculate quantile... Calculatea quantilefor a Normal, t, Chi-squaredpr F
distribution. Input valuesof the relevant significancelevel and degreesof
freedomandtheoneor two tailedquantileis returned.A helpbuttononthe
dialog providesfurtherdocumentation.

About Arc Copyrightinformation.

Help... In theresultingdialog, type the nameof a function to get help on its
usageif helpis available(asanexample,selecthisitemandtyperecode
in the dialog), or to find all functionsthatinclude thattext stringin their
name.

Settings... Changeandsare settingsof variousfeaturesusedin Arc. In thedia-
log, selectasettingyouwishto changeandchoos€'Updateselectionfrom
themenu.If you changea numberof settingsyou canreturnthemto their
default valuesby selecting‘Changeall settingsto defaults”. Any changes
youmakewill befor thecurrentsessioronly unlessyousavethechangeby
selecting'Save settingdile”. Thiswill createafile calledsettings.Isp
thatwill bereadeverytime you startArc.

Quit Quit Arc andXlisp-Stat

The Arc menuwill alsolist the namesof the the datasetsyou have readinto
the program.You canthenswitch betweerdatasetsby selectingthe nameof the
datasetyou wantfrom the Arc menu.

5 DataFiles

Datafiles preparedior R-codecan be directly readinto Arc. However, several
otherfile formatsareavailableaswell.



5.1 Plain Data

Thesimplestformatof adatafile is a plain datafile, whichis atext file with cases
givenby rows andvariablesgivenby columns.Thefile canhave ary legal name.
To readthisfile, simply selectLoad from the Arc menu(or usethe Loaditemon
from the File menuon the Macintoshor Windows). You will be promptedvia
dialogboxesto namethe dataset,to type a descriptionof the data,and,if thefile
hasno row thatcontainsvariablenames{o namevariablesandgive a description
of them. You will be ableto save the datasetasa formattedArc datafile using
theitem “Save datasetas...” in the datasetmenu(the exactnameof this menu
is the sameasthe nameyou give to the datasetyou areusing).

Utilities areavailableon the Arc websitefor readindfiles in this formatwhen
usingWindows 95 or newer directly from Microsoft Excelinto Arc, andfor trans-
ferring datafrom SASto Arc.

5.2 Gettinginto Troublewith Plain Data Files

WhenArc readsa plain datafile, it determinegshe numberof columnsof databy
countingthenumberof itemsonthefirst row of thefile. If yourdatafile hasmary
variablesthe programthatcreatedhefile (likeaneditoror spreadshegtrogram)
may have split datainto morethanoneline, andArc will getthewrongcount.You
will thengetthefollowing errormessage:

Error.  list  not divisible by this length

YoucangetArc to readthefile correctlyby typingacommandn thetext window.
If your datafile, sayfred.Isp  , hasl7 variablestype:

> (arc .data (read-data-colu mrs "fred.Isp" 17))
If youwantthe programto find the datafile for you, you cantype
> (arc :data (read-data-colu mrs (open-file-dial og) 17))

If this doesnt work, hereare a few standardXlisp-Statfunctionsthat can help
you. Type

> (setf d (read-data-file "fred.Isp"))

to setd equalto alist thatcontainsthe contentsof the datafile, with the contents
of thefirst row, thenthe contentsof the secondow, andsoon. Type

> (length  d)



to tell you how mary dataelementsarein thedatafile in total. Type
> (select d (* 17 (iseq 4)))

to printafew elementof d, namelyelement®, 17,34 and51. If thedatafile had
17 columns thiswould give thefirst four itemsin thefirst columnof thefile. You
canoftenfind problemsusingthesefunctions,andthenuseatext editorto correct
thedatafile.

5.3 Formatted Data File

Filescreatedusingthe “Save datasetas...” item in the datasetmenuwill have
a simple, human-readabléormat. You can also createfiles using this format.
Tablel shovs aformatteddatafile.

Thefirst few lines of the file containinformation Arc usesto assignnames,
labels, and so on. Statementsare of two types: assignmenstatements|ike
data set = hald , whichassignshald to bethe nameof the dataset,and
constructionghatstartwith abegin andcontinueuntil anend is reached.

Theassignmentolumns = 5 specifieghatthefile hasfive columns.Spec-
ifying the numberof columnsis requiredonly if someof the columnsin the data
arenotto beused.Theassignmenmissing = ? setsthe missingvalueplace
holder; missingvaluesarediscussedn Section5.5. If the delete-missing
assignmenis equaltot , thenall casedrom thedatathathave any missingvalues
will be removed from the dataset. If delete-missing is nil , thenall the
dataareusedandmissingcasesredeletedasnecessaryn thecomputationsThe
first option guaranteeshat all graphs/modelsire basedon exactly the sameob-
senations,while the latter option allows eachgraph/modeto usethe maximum
numberof casegossible.

The begin ...end constructionsare usedto defineblocks of information
for Arc. Thebegin description constructionallows typing in documenta-
tion for the dataset. The documentatiorshouldbe fairly short,10 linesor less,
althoughthereis no formal limit. The constructiorbegin variables s fol-
lowedby oneline for eachcolumnof datato beusedthatdescribeshedata. These
linesarein theformat:

columnnumber= variablename= variabledescription

Thevariablenameis a shortlabelandthe variabledescriptionis a longer(about
30 character®r lessis good)descriptionof a variable. You shouldavoid the use
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Tablel: A formatteddatafile.

data set = hald ... Thenameof thedatasetis hald.
missing = ? ... Setsthemissingvalueplaceholder
delete-missing = nil ... If t, caseswith missingdataaredeleted.
columns =5 ... Specifiegshe numberof columnsof data.
; a comment to skip ... Any line beginningwith a; is skipped
begin description ... Thefollowing linesdescribehedata:
The hald data used in Chapter 1 of An Introduction to Regression
Graphics.

end description ... Endof thedescription

begin variables ... Begin definingvariablesseetext for details
Col 0 = X1 = Chemical 1

Col 1 = X2 = Chemical 2 ; another comment

Col 2 = X3 = Chemical 3

Col 3 = X4 = Chemical 4

Col 4 =Y = Heat of hardness

end variables ... Endof definedvariables

begin lisp ... beginlisp instructions

(send hald :make-interaction "X1" "X2")

end lisp

begin transformation

X1SQ = X172

Z1 = (cut x1 2)
end transformation

begin data ... Thedatafollow this statement.
(

7 26 6 60 785

129 15 52 74.3

11 56 8 20 104.3

11 31 8 47 876

7 52 6 33 959

11 55 9 22 109.2

3 71 17 6 102.7
131 22 44 725
2 54 18 22 931
21 47 4 26 1159
1 40 23 34 838
11 66 9 12 1133
10 68 8 12 109.4




of mathematicabymbolslike +, - , = and/ in the definition of variablenames,
andyou maynotuseline feedsin thevariabledescription.

Anotherconstructionof thistypeis begin lisp . All of thelinesbetween
this oneandthe end lisp aresentto the lisp interpreterand executed. As
shavn in Tablel, aninteractionbetweenX1 andX2 will becreatedandaddedo
thedataset. You canputary valid lisp commandderethatyoulike.

Similar to a block of lisp statementss a block of transformationsTheseare
of the form “label = expression”,wherethe expressioncan usevariablenames
thatalreadyexist. Theexpressiorcanbein usualmathematicahotation,or alisp
function. Thisblock startswith begin transformations andendswith end
transformations

The datafollows the line begin data . The datashouldbe precededoy
a left parenthesis(”, andterminatedwith a right parenthesis) ”. Although
the parenthesearenot required,includingthemspeedsaip readingthe databy a
substantiahmount.

54 Old-style Data Files

Datafiles thatworked with R-codeversionl canalsobe usedwith Arc. You can
convert old-style datasetsto new-style datasetsby readingthefile into the Arc,
andusingthe “Save datafile”item in the datasetmenu. New-style datasetscan
be convertedto old-styledatasetsusingthe command

> (arc-new-to-old "new" "old")

where“new” is thenameof thedatafile to be corverted,and“old” is theold-style
file thatwill becreated.

5.5 Missing Values

Missingvaluesin the datafileareindicatedby a ? unlessyou changethe param-
eter*default-missing-indicator* to someothervalueusingthe “Set-
tings...” itemin the Arc menu,or you setthe missing = assignmenbn the
datafile.As describedabove in Section5.3,if you have missingdata,the program
will useasmary completecasesasareavailablein ary given calculation.But if
youincludethecommandielete-missing = t inthedatafile(seeTablel),
theninsteadcasesvith missingdataon ary variateareremovedfrom the dataset
for all calculations.With categorical data,the handlingof categorieswith struc-
tural zeroes(thatis categorieswhich it is impossibleto obsere, asopposedo
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categorieswhich cantheoreticallybe obsered but which hadan obsened count
of zero)is describedn Section6.1.

6 TheData Set Menu

Whenyou load a datafile,you areno longerpromptedto specifya model;rather
you getamenuwith thenameof thedatasetin themenubar;we call thisthedata
setmenu. Also, a Graph&Fitmenuis addedto the menubar. Fromthe dataset
menu,you canmodify andview data;from the Graph&Fitmenuyou canobtain
graphsandfit models.Thisis afundamentalphilosophicalchanggrom R-code
versionl. In addition,only onedatasetis activeata giventime. You canchange
betweerdatasetsby selectingthe nameof the datasetin the Arc menu.

6.1 Description of Data

Severalitemsin the datasetmenupermit printed summarief the data. These
menuitemsare:

Description Printinformationaboutthe dataset.

Display summaries... Printcounts,meansstandardieviations,minima, medi-
ans,andmaximaof the data-listsyou specify

Tabledata... Printtablesof data,or createnew datasets.
Display data... Printthedatayou select.
Display case names Showv casenamesn awindow.

Thenew featurehereis the “Tabledata. .” item. If you selectthisitem, you
cancreatetablesof the databy addingover conditioningvariables For example,
supposedwo of yourvariatesareeye-color(3 catgyories)andage(4 cataories).If
you selecteye-colorandageasconditioningvariablesby double-clickingon their
namesandclicking “OK”, thenyouwill getatabledisplayedonthescreergiving
the numberof obsenationsin eachof the3 x 4 = 12 cells. If you alsoselected
anothewariable(sayincome)asavariateby clicking once on itsname, and once
in the list of variates, andpushedthe meanandstandarddeviation buttons,the
tablewould consistof the numberof obsenationsin eachof the cells,alongwith
themeanandstandardieviation of incomefor eachof the 12 cells.



If you pushthe“Make new dataset” button,thenthetableddataareputinto a
new datasetwith its own menu. You canalsochoosebetweertablingall dataor
justincludedcasesfor thelatteroption,if asubsebf all casehave beenselected
(by clicking anddraggingthemouseover pointsin ascatterplotfor example)then
only thesecasesareincluded. Structuralzeroesasdescribedn Section5.5, are
handledby “counting emptycellsasmissing”. Thereis an alternatve option to
countemptycellsaszerocounts.

Thedialogfor makingtablesis relatvely complicatedandyou shouldreview
it carefullybeforepressinghe“OK” button.

6.2 Modifying Data

The datasetmenuhassereralitemsthatcanbe usedto modify existing data,or
to createnew data.Hereis a brief discussiorof whattheseitemsdo.

Add avariate... Createa new variate(notin R-codd. The usermustenteran
expressionthat definesthe new variable. The expressioncanbe a lisp ex-
pressionjikenew=(" (+ a b) 2),orit canbein standardnathemat-
ical format,like new=(a+b)"2 (thelatteris actuallyanexpressionn the
computedanguageC). This featurewasnot availablein R-code

Transform... Createnew variatesusingpower or log transformationgmodified
from R-cod¢. Severalvariatescanbe transformedat the sametime. Logs
canbecomputedo ary base.

Makefactors... Make factorsfrom existing variates.You canusethe buttonsin
thedialogto choosegheway thefactoris created Factorscanbe definedby
droppingthe dummyvariablefor thefirst level, or with a dummyvariable
for eachlevel of afactor asin GLIM, or by usingSchefé (contrast)oding,
asin mary programdik e Macanwa andJMP Factorsarenamedby Arc by
preappendingF} ,{T} , or{C} respecitiely, tothevariables name.

Makeinteractions... Make interactionsdetweerexisting variatesandfactors.

Set case names... Setthevariateto beusedto definecasenamesTheseareused
in graphsto label points. The default is to usethe first text variablein the
dataset.



Delete datalist... Deletean existing datalist(i.e., a variate,factor or interac-
tion). This needso be donewith care;if you deleteX1, for example,you
canhave problemswith factorsor interactionsderivedfrom X1.

Rename datalist Changethe nameof an existing datalist. This canalso cause
problemsf the old nameappearsn previously definedmodels.

Savedata set as... Savethedatasetin afile thatcanbereadby Arc.

Remove data set Remwethecurrentactive dataset.

The primary changedrom R-codeare: (1) several transformationsfactors,
andinteractionscanbe createdat the sametime; (2) log-transformationganbe
doneto ary baseyou like, with naturallogarithmsto the basee asthe default;
(3) the:add-data  method(seelRG, p. 234) canbe accessedisingthe “Add
a variate..” menuitem. You no longerneedto know how to write a lisp ex-
pressioro createavariable,asyou canusestandardnathematicatlormulas,like
new=a*b*(1+exp(c)) ,assuminghatthevariablesa, b andc areall defined.
Variablenamesincluding specialsymbolslik e the underline_ or questionmark
?, or amathematicakymbolsuchas+, - , * or/ arecertainto causeproblems.
For example,the variablenameplant-ht ~ will be readincorrectlyas plant
minusht . Any variablenameincludinga squarebracletlikelog[ht]  will not
work.

7 Graphicsfrom the Graph& Fit Menu

The Graph&Fitmenuhassix graphicscommandsHerearebrief descriptionof
theseitems:

Plot of... The genericplotting methodfor histogramsand 2D and 3D scatter
plots.

Scatterplot-matrix of... Createscatterplot-matrices.
Boxplot of... Createboxplots.

Multi-panel plot of... Theuserchoose®nevariablefor afixedaxis,andmary
variablesfor a changingaxis. Whenthe plot is dravn, the usercanchange
betweerthe multiple panelsof this plot usinga plot control.
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Praobability plot of... Createprobability plots.

Set marks Whencreatinga plot, therewill be anitem called“Mark by...”. If
you fill in this item, thenthe variableyou selectwill be usedto mark (by
color or symbol) pointsin all plots. Typically, the marking variablewill
have two or possiblythreecateyories;if morethansix areusedthencolors
will begin to repeat. This item is usedto turn marking off, to changethe
markingvariable,or to addmarksafteraplotis dravn.

Selectingone of the first five of theseitemswill give a dialogto choosethe
guantitiesto graph. Thesedialogsinclude new features. The usercanselecta
variablein the“Mark by...” box. This variablewill be usedto definegroupsof
pointsin the plot, andeachgroupwill begivenadifferentcolorandsymbol.You
canswitchto usingcolorsor symbolsby changinghe*mark-groups-with-
color* and*mark-groups-with-symbol* settinggseeSectiord.1). Col-
orsarebetterfor thescreerbut symbolsareneededvith mostprinters;thedefault
is to usebothcolorandsymbols.For example,if you“mark by” avariablecalled
sex , with values0 and1, thenall the pointswith sex = 0 will bemarkedin one
color, andall the pointswith sex = 1 will be marked anothercolor. If the mark-
ing variablehasmorethansevendistinctvalues,youwill getadialogthatasksif
you really wantto markwith it, andyou will be giventhe opportunityto replace
themarkingvariableby a discrete(i.e., grouped)versionof it with the numberof
levelsyou specify Onceyouchoosea markingvariable,it is usedin all plotsuntil
you eitheruseanothemne,you selectthe “Remove marks” menuitem, or you set
colorsmanuallyusingthe color palettein the top left cornerof a plot. For other
usesof marks,seeSections/.1and7.7.

In the plot dialog you canalsochoosea variableto be usedas“weights” If
youfill in this areathentheweightswill be usedin fitting smoothergo the plot;
seeSection7.1. Two push-tuttonsallow you to “jitter” the graph(which means
to adda small amountof randomerror beforegraphing,so seeingover-plotted
pointsis easier),andto remove the plot controls(you cangetthembackusinga
menuitem from the plot’s menu).

7.1 Two Dimensional Plots

The plot controlsfor 2D plots have beenenhanced.A new plot control called
“Options” allows you to changeaxis labels, tick marksand text, to frame the
graph,andto adda curwve to the graphusing a self-explanatorydialog. You can
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alsoaddthetransformatiorslide barsthatusuallyappearonly on scatterploima-
tricesusinga check-boxin the“Options” dialog. The slide barsthathave pop-up
menusare indicatedwith a triangle pointing down. In the parametricsmoother
slide bar (the onethatinitially has“OLS” above it), you cannow fit usingordi-
nary leastsquaregOLS), Huber M-estimation(with fixed tuning parameter)or
usinglogistic regression Poissornregressionor Gammaregression.If you have
specifiedweights,they areusedin thefitting. For logistic regressiona plot of the
proportionof successeen the vertical axis with weightsequalto the numberof
trials will fit the correctlogistic regression.If the numberof trials equalsonefor
all casegfor example theresponseariableis alist of onesandzeroesepresent-
ing succesr failure), you do not needto specifyweights. The “power curwe”
smoothethasbeenmovedfrom the nonparametrislide bar (the onethatinitially
has‘lowess”aboveit”) to theparametricslidebar.

The smoothersavailable in the nonparametricsmoothingslide bar include
lowess,and a very primitive slice smootherin which the rangeof z is divided
into non-overlappingslices,andthe meanis computedn eachslice. Thisis ex-
actly the smootherthatis usedby SlicedInverseRegression(SIR)—seeRG, p.
119-133.Also availableis a splinesmootherdetailson this will be givenlater.
The kernelsmootherswhich wererarely usedin versionl, are no longeravail-
able;othersmootherswill be addedlater. The “Mean+—SD” slider useslowess
to computeanestimateof themeanfunction,thencomputeghe squaredesiduals
from the lowesssmooth,and smoothsthemto estimatethe standarddeviation.
Thelinesshavn on the plot arethe estimatedneanandthe estimatedneanplus
andminusonestandardieviation.

For eachsmootheryou cannow selectthe“Fit by marks”option,if thepoints
are marked by group. The smoothwill thenbe computedandfit separatelyfor
eachgroup.

An additionalmousemodecalled“Slicing” hasbeenadded.If you selectthis
mode,you will have the samecursoryou getfor brushing,andindeedyou can
resizethe brushin the usualway. The differencewith brushingis thatsummary
statisticsfor the pointsin the brushare printed on the plot, namelythe number
of pointsin the slice andtheir meanandstandarddeviation on the vertical axis.
You cangetthesenumbersprintedin the text window, aswell asthe meanand
standardieviation on the horizontalaxis, by control-shiftclicking themouse.
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7.2 ThreeDimensional Plots

Oneplot control hasbeenaddedto 3D plotsthatis a generalizatiorof the para-
metric smootheislide barfor 2D plots. Usethis slide barto fit 3D surfaces.The
choicesare linear, full quadratic,or ary other quadraticobtainedby dropping
termsfrom thefull quadratic. An additionalchoiceis to fit

E(y|z,z) = 0p + 012 + 09z + 03(017 + 092)° (1)

whichis aone-dimensionajuadratianodel. This meanfunctionis nonlinearand
socomputingit takesmuchlongerthanthe otherfunctions. Parameteestimates
for fitting meanfunction(1) canbe obtainedasdescribedn Section8.1.

7.3 Scatterplot Matrices

Eachof the transformationslide barsnow hasa pop-upmenuto add a power
choiceto the slide bar, to addthe transformedvaluesto the dataset, or to se-
lect a transformationto make the variable as normal as possible(using a one-
dimensionaBox-Coxprocedure)A new “Transformationsplot controlincludes
a numberof self-explanatoryoptions. It alsoallows selectinga numberof vari-
ablesandtransforminghemsimultaneouslyo achieve multivariatenormality us-
ing amultivariategeneralizatiorof The Box-Coxprocedure.

7.4 Boxplots

The dialog allows a choiceof several variablesand a conditioningvariable. If

you do not selecta conditioningvariable,you will geta parallelboxplotfor the
variablesyou have selectedIf you do selecta conditioningvariable,you will get
aboxplotof thefirst variablesplit accordingo levelsof the conditioningvariable.
A plot control allows printing a correspondinganalysisof variancetable at the
bottomof the plot. Weights,if set,areusedin computingtheanalysisof variance.

7.5 Multi-pane Plots

This item allows examining a numberof 2D plots with one axis common,and
the otheraxis variable. For example,one might assignthe responseo the fixed
vertical axis, andall the predictorsto the variablehorizontalaxisto view partial
responselots, or reversethe assignmentvith therespons®n the horizontalaxis
to view all inversepartial responseplots. It would be nice to seetheseplotsin
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parallelin onewindow, but this is not supportedn the currentversionof Xlisp-
Stat

7.6 Probability Plots

This is usedto studythe distribution of a randomsample. The ordereddataare
plotted againstquantilesfrom a hypothesizedlistribution (chosenfrom the nor-
mal, half-normal,chi-squaredpr t distributions);if the samplingdistribution of
the datais the sameasthe hypothesizedlistribution, thenthe plot shouldbe ap-
proximatelystraight.

7.7 Conditioning Plots

If you have a markingvariablein a graph,you canclick the mouseon oneof the
valuesof the markingvariable,andonly pointsin thatgroupwill remainvisible.
Click on the nameof the markingvariableto restoreall the data. This is useful
for examiningconditionaldistributions.

8 Fitting Models

Unlike R-code Arc doesnotfit modelsautomatically Youfit amodelby selecting
oneof thefit itemsfrom the Graph&Fitmenu(R-codeonly fit linearleastsquares
regressions)Thechoicesare:

Fit linear LS... Usedtofit linearleastsquaresegressionpr normalgeneralized
linearmodels.Thedialog canbe usedto choosea meanfunction,whichis
the inverseof the link function commonlydiscussedn generalizedinear
models. The identity link givesusuallinear models,but the inverseand
exponentialmeanfunctions,correspondindo theinverseandlog links, are
alsoavailable. You canalsochoosea “Full quadratic™to fit a full second-
ordermodelin the predictorsor a “1D-quadratic”to fit a one-dimensional
guadratidn thepredictorswhichis equivalentto (1) with p = 2 predictors.

Fit binomial response... Binomial generalizedinear models. The responses
thenumberof successesrou mustalsospecifythe numberof trials andthe
meanfunction (with thelogistic meanfunctionthe default).

14



Fit Poisson response... Poissongeneralizedinear models. You must specify
themeanfunction (with the exponentialmeanfunctionthe default).

Fit gammaresponse... Gammageneralizedinear models. You must specify
themeanfunction(with theinversemeanfunctionthe default).

Fit nonlinear LS... Usedto fit nonlinearleastsquaresegression.This method
requiresspecificationof a meanfunction for the data,andyou do this in
a dialog box that will be provided. Type an expressionlike thO*(1-
th1*(exp(th2*x1))) , wheretheparameteraregivenbythO ,thl ...,
andthepredictorsarexl1, x2,.... Any valid mathematicaéxpressioris ac-
ceptable.Initial estimatedor the parametersarealsoneeded.Derivatives
arecomputedsymbolically

Inverseregression... Fit inverseregression(Quadraticfit, Cubicfit, SlicedIn-
verseRgyressionSIR), pHd, or SAVE). More detailsonthesewill begiven
later.

Graphical regression... Detailsonthisitemarediscusseth Chapte20of Cook
andWeisbeg (1999).

81 FitLinear LS

The dialog for linear modelsis similar to R-code exceptyou arenow permitted
to choosea kernel meanfunction The usualchoiceis theidentity function, giv-
ing usuallinear models. For thosefamiliar with generalizedinear models,the
kernelmeanfunctionis the inverseof the usuallink function, so, for example,
the exponentialkernelmeanfunctionis the sameasthelog link function. When
you createa model,youwill getaModel menu,mostly containingitemsfrom the
R-codeversionl modelmenu.

8.2 Generalized Linear Models

The menufor generalizedinear modelsis similar to the linear regressionrmenu,
exceptyou mustspecify a kernelmeanfunction andfor binomial datayou must
alsospecifythe numberof trials.
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8.3 Nonlinear Models

To specifyanonlineamodel,you mustspecifybotha meanfunctionandstarting
valuesfor the parametergif you do not specifystartingvalues they areall setto
zero).A meanfunctionis atext stringlik e "thO+th1*x1+th2*(1+exp(th3*x2))
wherethe parameterarethO , thl , ..., andthevariablesarex1, x2, .... Other
text stringsthat can be usedfor the parametersare theta , gam, gamma a,
alpha , b, andbeta , while z’s canbe usedfor the variablesaswell asx’s. You
canspecifyameanfunctionin threeways:

1. After selecting‘Fit NonlinearLS...”, type the meanfunctioninto there-
sulting meanfunctiondialog. This is harderthanit soundsanderrorsare
common.Alternatively, aslightly easiemethodis to typethe command

(def  m "thO+th1*x1+th2* (1 +exp(th 3*x2)) ")

andthento type minto the“Fit NonlinearLS...” meanfunctiondialog.

2. Onthedatafile, adda constructiorik e

begin mean functions
thO+th1*x1+th2  *( 1+exp(t h3*x 2) )=( 10 15 12)
end mean functions

Thesyntaxis meanfunction= startingvalues.Alternatively, if you createa
meanfunctionusingthedialogandthensare thedatafile the meanfunction
andstartingvalueswill besaved.

3. Youcantypein acommandIf d is the nameof thedataset,thentype

(send d :mean-function
"thO+th1*x1+th 2*( 1+exp(th 3*x 2) )" (10 15 12))

Thenonlinearegressiommenuis considerablydifferentfrom theothers.Here
is a brief descriptionof theitemsin thenonlinearmodelmenu.

Display Fit Printthe estimatesstandarcerrorsanda summaryanalysisof vari-
ancetableonthescreen.
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Display Variances Printthe matrix 62(VT'V)~!, whereV is the matrix of first-
derivativesof the meanfunctionwith respecto the parametersThis is the
approximatevariance-cwariancematrix of the coeficient estimates.This
matrix may not be meaningfulif thedistribution of theestimatess farfrom
the normaldistribution. Also printedby this commands this matrix con-
vertedto a correlationmatrix.

Fit model to groups... This allows the datato be split into groupsusingone of
the variates(sex, for example),andthenthe specifiednon-linearmodelis
fit to bothgroupsseparately

Subset model... Selectthis item to producea complicateddialogto allow the
userto build a sub-modelof the nonlinearmodel by settingsomeof the
parametersA parametecanbe set“free” (or left blank)to allow it to be
estimatedjt canbe set“current” to fix it atits currentvalue;it canbe set
to any numericalvalue;or two or more parameterganbe setequalto one
another Startingvaluesaredeterminedrom the currentfit.

Model checking plots... Producemodelcheckingplots(seeSection9).

Likelihood region... If the userselectsoneparametein theresultingdialog, a
confidencecurve for that parameteis dravn. If two parametersre cho-
sen,thenacontourplot is dravn shaving simultaneougonfidenceegions
for the two parameters.Controlson the contourplot allow addingmore
contoursandaddingmorepointsto thegrid (which makesthe contourplot
smoother).

Wald region... Selectoneor two parameterso shov the 95% confidencenter-
val or region basedon the normal approximation.For one parameterthe
confidencecurvesaretwo straightlines, andfor two parametershe confi-
denceregionis elliptical.

2D Likelihood-Wald Discrepancies This methodcompareshe Wald andlik eli-
hoodregions. For eachpair of parametersmary pointson the boundary
of a 95% Wald region arefound, andat eachof thesepointsthe lik elihood
functionis evaluatedto find the “actual” level at that point. The reported
valuesarethe minimumandmaximumcoveragefound on the boundaryof
theregion. If the minimum and maximumare closeto the nominal 95%,
thenthe Wald approximationis closeto thelik elihoodregion.
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Plot response function Thisitem only worksif thereis justonepredictor It pro-
ducesa scatterploof the data,with the fitted meanfunction superimposed;
this allows a graphicalappraisabf the model.

Distances Plot Producea plot of Cook’s distanceagainstcasenumber Cook’s
distanceis computedbasedon the normalapproximationat the estimates,
Soit is aone-stepestimate A pop-upmenugivesa choiceof otherwaysof
computinganinfluencestatistic,eitherby iteratinganumberof timesto get
closerto the exact Cook’s distance pr by usinga differentmetricin place
of Cook’sdistance.

Parameter Plot Producea parameterplot, a generalizationof added-ariable
plotsfor nonlinearmodels.

ALP residual plots Theseareadjustedinearpredictorresidualplotsandarethe
sameasin linearmodels(seelRG, p. 179-182).

Nonconstant variance plot This is the sameasin linear models(seelRG, p.
182-188).

Options... Setanumberof numericaloptionsto aid in obtainingcorvergence.

Curvatures Computeand print parameteeffectsandintrinsic curvatures. This
computationcan be very intensive, asit requiresat leastn? storageloca-
tions,andusesnumericalsecond-deviatives.

8.4 Inverse Regression

Inverseregressiommodelscanalsobefit from thedatasetmenu.SeeRG Chapter
8. The pHd methodcurrently containssomeexperimentaloutput not explained
in thebook. In addition,the inverseregressioncanbe estimatedoy quadraticor
cubic regressionof the predictorson the responseAll this methodologywill be
discussednorefully atalaterdate.

9 TheModd Menu

All modelshave anassociatednenuwith the samenameasthemodel. For linear
andgeneralizedinearmodels the modelmenusaresimilar to the modelmenuin
R-codebut someof theitemsonthemenuhave changedThe“Display variances”
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item prints 62(XTW X) !, whereW is a diagonalmatrix of prior weightsfor
linearmodels,andcomputedwveightsfor generalizedinear models.

The“Examinesubmodels..” item canbe usedto getfit statistics really just
residualsumsof square®r deviancesfor a sequenc®f models. The userspec-
ifies a “basemodel”, the setof predictorsalways included, and the remaining
variablesto add. Note thatthe orderthe predictorsarelisted matters.Computa-
tions canbe donein four ways: forward selection,in which variablesareadded
to the basemodeloneat atime, eachtime improving thefit asmuchaspossible;
backward elimination,eachtime removing a variablethat degradeshefit statis-
tics aslittle aspossible;sequentialthe default, in which the variablesareadded
in the ordergiven;anddeleteoneat a time, in which the likelihoodratio testfor
eachvariablefit lastis computed.

The“model” menucontaingwo new graphicalitems,“Model checkingplots;
and“Uncorrelatedscatterplomatrix.” Thislatteritemwill bedescribechtalater
date.

Theitem “Model checkingplots” is discussedn R. D. CookandS. Weisbeg
(1997), “Graphicsfor assessinghe adequag of regressionmodels, Journal of
the AmericanStatisticalAssociation 92, 490-499. Model checkingplots always
consistof pointsandtwo smooths.

Thepointsareascatterplobf theresponseariableon the verticalaxisversus
a linear combinationof the predictorsor othervariableson the horizontalaxis.
Usingadialog,theuserselectghevariableghatwill becombinedo producethe
linear combinationson the horizontalaxis. If all predictorsare continuousthen
the selectedvariableswill generallybe all the predictors;if somepredictorsare
factorsthenthesemay be excluded. The dialogalsoincludesthreeradio buttons
to choosehow the plots areto be constructed.Selectingthe default “Marginal
plots” will produceplots of the responseversuseachof the predictorsin turn; a
slideron the plot allows moving betweerpredictors.Selecting‘pHd (on residu-
als) directions”producesa seriesof plotsin which the plotting directionsareall
uncorrelatedvith eachotherandalso uncorrelatedvith the response.The way
the uncorrelateddirectionsare chosendependson the methodpHd, described
elsavhere.If themodelfit is notadequatethefirst pHd directionis likely to shov
aproblem. Thethird choiceis “randomplots; in which randomlinearcombina-
tionsof theselectegredictorsareusedto generateéhe plots;therandomdirection
canbechangedy pressinghe mousebuttonin the slidebaronthegraph.

The two superimposedmoothsconsistof onethatdirectly smoothghe data
andanotherthatsmoothghe model(seethe paperfor details). The smoothsare
addedto the plot using a slider at the bottom left of the plot; a lowesssmooth
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with commonsmoothingparameters fit for each. If the modelis adequatdor
the data,thenthe two smoothsshouldagreefor all possiblechoicesof horizontal
axis. Simplevariancesmoothscanalsobefit usingthe pop-upmenufor the slide
bar

10 Miscellaneous

10.1 arcinit.Isp

Thisfile mustbe presenfor Arc to run. Do NOT changethisfile!

10.2 Functions

Severalfunctionshave beenaddedo Arc thatcanhelpin creatingdata. Thefunc-
tion gl canbeusedto generate variableof levelsfor datathatarepatternedfor
example(gl 2 3 12) will generatea vectorof two levelsin blocksof three,
andof length12,giving(0 0 0 1 1 1 0 0 0 1 1 1). Thefunctioncut
will createacateyoricalvariablefrom acontinuoussariable,andrecode , recode-
value andrecode-values canbe usedto recodea variable. You canget
morehelpusingthe“Help” itemin the Arc menu.

10.3 Multiple Data Sets

As before,you canwork with mary datasetsat the sametime, but only onedata
setandits modelswill bedisplayedn themenu-bar To switchbetweerdatasets,
simply selectthe dataset's namefrom the Arc menu. One of the effectsof this
changas thatmary datasetscanhave avariablewith the samenamewithoutary
conflicts.

10.4 A new :prediction method

In the R-code the method:lin-combination wasintroducedto obtainthe
estimateof a linearcombinationof estimatesandits standarderror. This method
couldbeusedo getpredictionsaswell. An additionalmethodcalled:prediction

is now included.If you have alinearmodelcalledL1 with 3 predictorsthetyped
command

(send 11 :prediction 23 12 4 :weight 2.1)
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will computea predictionwith the first predictorequalto 23, the secondequal
to 12 andthe third equalto 4, assumingthat the varianceof the error for the
new obsenationis 0?/2.1. For unweightedproblems,the :weight keyword can

beignored. Thereis now a menuitem on the regressiormodelmenuthat allows
usingthis commandwithout typing.

10.5 Comments

We would appreciateyour sendingemail to arc@stat.umn.edii you encounter
ary problemsor have ary suggestions.
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